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(57) ABSTRACT 

A microscope objective has axially adjustable correction 
mounts for adapting to different parameters in?uencing the 
imaging quality. The axial adjustment of the correction 
mounts relative to a stationary barrel is realized by an 
adjusting ring arranged on the outer side of the barrel by 
means of a bolt or screW Which is arranged in the respective 
correction mount, is directed radial to the optical axis of the 
objective and engages in through-openings of threaded 
rings. The objective has at least three correction mounts 
Which are adjustable in direction of the optical axis of the 
objective by at least one adjusting ring Without additional 
rotation around the optical axis of the objective. 

13 Claims, 9 Drawing Sheets 
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MICROSCOPE OBJECTIVE WITH AXIALLY 
ADJUSTABLE CORRECTION MOUNTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This application claims priority of German Application 
No. 103 61 911.9, ?led Dec. 24, 2003, the complete disclo 
sure of Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 
The invention is directed to a microscope objective With 

axially adjustable correction mounts in Which lenses or lens 
groups are arranged, particularly for live cell imaging and 
for cell culture and tissue culture research. The invention is 
applicable in microscope objectives in connection With 
different cover slips and/or different immersion liquids and/ 
or at different Work temperatures. 

b) Description of the Related Art 
With these kinds of axial adjustments of optical elements 

in objectives, different kinds of corrections can be carried 
out in order to enable microscopic examinations under 
various conditions With high quality and high lateral mag 
ni?cations. 

In microscope objectives, the axial adjustment of optical 
elements arranged in correction mounts in relation to sta 
tionary optical elements can be realiZed in different Ways. 

For example, DE 198 04 470 C1 discloses a microscope 
objective With a plurality of lens group mounts, one of Which 
is formed as a correction mount for adapting to different 
cover slip thicknesses and is displaceable axially along the 
optical axis of the objective for changing position relative to 
stationary lens mounts. The axial displacement of the cor 
rection mount is carried out by means of a guide pin running 
on cam rings by actuating a knurled ring that is rotatable 
around the optical axis. 
DE 38 12 745 C2 describes a microscope objective With 

an aperture of at least 0.5 and a device for adjusting to 
different cover slip thicknesses in Which a second lens group 
is arranged so as to be linearly displaceable betWeen a 
stationary ?rst lens group and a stationary third lens group, 
an additional lens group being axially displaceable in the 
opposite direction relative to this second lens group. The 
movement strokes of these displaceable lens groups can 
differ. An individual actuating ring is provided for realiZing 
the displacements of the corresponding lens groups. In this 
objective, the device for adjusting to different cover slip 
thicknesses is coupled With a device for refocusing the entire 
objective. The lens groups are displaced linearly in the 
course of the adjusting movement. This can be achieved, for 
example, by means of threads of different pitches or by 
means of cams Which engage in corresponding grooves With 
a constant but different pitch in a rotatable intermediate ring 
of the lens mount. 

Further, EP 0 660 942 B1 discloses a microscope objec 
tive With at least one correction mount in Which the correc 
tion mount is axially displaceable and is rotatable around the 
optical axis of the objective. A pin Which is movable on a 
cam groove of a mount support and Which is ?xedly con 
nected at one end to the correction mount and engages at the 
other end in a rotatable ring is provided for axial displace 
ment and simultaneous radial rotation of the mount. TWo 
axially displaceable and simultaneously rotatable correction 
mounts are provided in an objective disclosed in this refer 
ence. 
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2 
DE 199 47 378 A1 describes an adjusting mechanism for 

an objective Which is provided With an axially movable 
optical element that is connected to the main mount, or 
barrel, by a sliding mount. A ?rst linear drive is connected 
by actuating members to a second linear drive Which gen 
erates the linear movement along the optical axis. The 
second linear drive is connected to the sliding mount. 
With these knoWn microscope objectives, hoWever, at 

most tWo parameters in?uencing the imaging or parameters 
caused by the environment and image errors can be cor 
rected or compensated by adjusting tWo optical elements of 
the microscope objective. But in practice it is often indis 
pensable to take into account the in?uence of different cover 
slip thicknesses and different immersion media upon the 
imaging quality and also environmental in?uences such as 
temperature and to compensate for these in?uences as far as 
possible by appropriate corrections. 

OBJECT AND SUMMARY OF THE INVENTION 

Accordingly, it is the primary object of the invention to 
provide a microscope objective With correction mounts 
Which makes possible an adjustment for purposes of com 
pensating at least three parameters in?uencing the imaging 
quality With a good correction of image errors and While 
retaining a small structural length of the objective. 

In accordance With the invention, a microscope objective 
comprises axially adjustable correction mounts for adapting 
to different parameters in?uencing the imaging quality. The 
axial adjustment of the correction mounts relative to a 
stationary barrel is realiZed by an adjusting ring. The adjust 
ing ring is arranged on the outer side of the barrel by a pin 
Which is arranged in the respective correction mount, is 
directed radial to the optical axis of the objective and 
engages in through-openings of threaded rings. The objec 
tive particularly comprises at least three correction mounts 
Which are adjustable in direction of the optical axes of the 
objective by at least one adjusting ring Without additional 
rotation around the optical axis of the objective. 

According to the invention, this object is met in a micro 
scope objective constructed according to the preamble by 
the characterizing features of the ?rst claim. 

Further embodiments and details of the microscope objec 
tive are disclosed in the subclaims. 
An advantageous embodiment With a small structural 

length of the entire objective results When a barrel is ?xedly 
connected to an inner cylindrical sleeve With axially oriented 
through-openings; axially adjustable correction mounts for 
receiving optical elements in the form of lenses and/or lens 
groups are mounted in the cylindrical sleeve and a radially 
directed bolt or screW projecting through an associated 
through-opening in the cylindrical sleeve is arranged at the 
outer side of the correction mounts, respectively; threaded 
rings are in an operative connection With a respective bolt, 
are provided With an external thread of the same or different 
pitch, are mounted on the cylindrical sleeve so as to be 
axially displaceable only, and engage in an internal thread of 
corresponding pitch of respective driver rings Which are 
associated With the threaded rings and Which are arranged in 
the barrel so as to be rotatable around the optical axis and are 
in an operative connection With at least one adjusting ring 
arranged on the outer side of the barrel and can be rotated 
With this at least one adjusting ring. 

It is advantageous When the driver rings Which are in an 
operative connection With an adjusting ring are ?xedly 
connected to one another and are rotatable jointly by the 
adjusting ring around the optical axis. 
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An advantageous arrangement With many possibilities for 
adjusting the optical elements results When a plurality of 
adjusting rings are provided, each of Which is in an operative 
connection With at least one driver ring, Wherein the indi 
vidual adjusting rings can advantageously be rotated around 
the optical axis of the objective independent from one 
another. 

In order to realiZe different axial adjustment paths of the 
individual correction mounts, it is advantageous When the 
driver rings associated With an adjusting ring have threads of 
identical or different pitch. Di?ferent correction conditions in 
the objective can be taken into account in this Way. 

Further, it is advantageous When spring elements are 
arranged betWeen the driver rings and the associated 
threaded rings to eliminate play or lost motion in the thread. 

Pressure springs or elements that can perform the function 
of a pressure spring can advantageously be used for this 
purpose. 

It is further advantageous When a securing element serv 
ing to protect the object is connected to the front correction 
mount and is movable axially together With the latter. 

In order to achieve a connection betWeen a bolt and the 
associated threaded ring that is Without play at all times, it 
is advantageous When the bolts engage Without play in a 
bore hole Which is formed by at least one springing Web and 
Which is open toWard the edge of the respective associated 
threaded ring. The diameter of the bore hole is advanta 
geously less than or equal to the diameter of the part of the 
respective bolt, engaging in the bore hole of the threaded 
ring so that the bolt is alWays clamped in the bore hole. 
A connection betWeen the bolt and the associated threaded 

ring Without play advantageously results When a ?exible 
intermediate member is provided betWeen the bolt and the 
Wall of the bore hole of the threaded ring. 

Primarily in order to limit the rotational area of the 
adjusting ring by means of ?xed stops, it is advantageous 
that an axially directed pin is provided at an end face situated 
in the interior of the adjusting ring, that an opening Which 
extends over a circumferential area and Whose boundary 
surfaces form stops for the pin is provided in an end face of 
the barrel situated farther in the interior of the objective, and 
that the adjusting ring has a mark on its outer surface and the 
barrel has a scale With adjustment marks. 

It is advantageous When the positions of the axially 
directed pin and the positions of the stops are oriented 
toWard the mark on the adjusting ring. 

The invention serves to realiZe an optical correction in a 
microscope objective by axial displacement of three or more 
optical elements by means of radially moving threaded rings 
With threads having the same or different pitch, that is, 
Without using the usual cam rings and spiral grooves in 
individual rings. 

Further, in addition to the optical correction, different 
observation conditions can also be adapted to. This substan 
tially facilitates Work With different immersion media, e.g., 
glycerin or Water, and also in different temperature ranges, 
e.g., at 230 C. or 370 C., as Well as use of the microscope 
With different cover slips of various thickness and tolerance. 
Further, a small structural length on the order of 50 mm can 
be achieved With this objective. At a short Working distance 
of about 0.18 mm, it is also possible to realiZe a reliable 
protection of the preparation or object in a simple manner. 

In the folloWing, the invention Will be described more 
fully in an embodiment example. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
BRIEF DESCRIPTION OF THE DRAWINGS 

In the draWings: 
FIG. 1 shoWs a partial longitudinal section through a 

microscope objective according to the invention; 
FIG. 2 shoWs another mount part of the front optical 

element; 
FIG. 3 shoWs a mount part of the front optical element; 
FIG. 4 shoWs a threaded ring With open bore hole and 

springing Webs; 
FIG. 5 shoWs a threaded ring With engaging bolt; 
FIG. 6 shoWs a threaded ring With bolt and ?exible 

element; 
FIG. 7 is a vieW of an objective With barrel and adjusting 

1mg; 
FIG. 8 shoWs an objective With open adjusting ring; 
FIG. 9 shoWs an adjusting ring; and 
FIG. 10 shoWs the barrel With opening and scale. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The microscope objective shoWn in partial section in FIG. 
1 comprises a barrel 1 provided With an adjusting thread 1.1 
and With an inner cylindrical sleeve 2 Which is ?xedly 
connected to the latter and Which has axially directed 
through-openings 3.1 to 3.4 and in Which precision, axially 
adjustable correction mounts 4.1 to 4.4 are arranged. In this 
embodiment example, four correction mounts 4.1 to 4.4 are 
provided. In principle, it is also conceivable to provide more 
than four, but at least three, correction mounts. Depending 
on the quantity of correction mounts provided in the objec 
tive, the cylindrical sleeve 2 also has a corresponding 
quantity of through-openings. The quantity of structural 
component parts cooperating With the correction mounts 
depends on the quantity of correction mounts. The indi 
vidual optical elements (not shoWn) comprising individual 
lenses and/or lens groups are ?xedly held in these correction 
mounts 4.1 to 4.4. A radially directed bolt 6.1 to 6.4 Which 
projects (engages) through an associated through-opening 
3.1 to 3.4 of the cylindrical sleeve 2 or a screW is arranged 
at the outer side of the individual correction mounts 4.1 to 
4.4 in each instance. One of these bolts 6.1 to 6.4 is in an 
operative connection With a threaded ring 9.1 to 9.4 asso 
ciated With it. These threaded rings 9.1 to 9.4 each have an 
external thread 8.1 to 8.4 and are supported on the cylin 
drical sleeve 2 so as to be displaceable axially only. On the 
outer side, the threaded rings 9.1 to 9.4 are enclosed by 
driver rings 10.1 to 10.4 Which are arranged in the barrel 1 
and are provided in each instance With an internal thread of 
corresponding pitch. This internal thread is in an operative 
connection With the associated external threads 8.1 to 8.4 of 
the threaded rings 9.1 to 9.4. 
The threaded rings 9.1 to 9.4 and the driver rings 10.1 to 

10.4 can have threads of the same or different pitch, so that 
When the driver rings 10.1 to 10.4 mm rotate simultaneously 
around the optical axis 7 of the objective the threaded rings 
9.1 to 9.4 Which are ?xed With respect to rotation relative to 
them carry out different displacements in direction of the 
optical axis 7. 
The individual driver rings 10.1 to 10.4 are advanta 

geously connected to one another by screWs 13.1 to 13.3 or 
pins and are in an operative connection With at least one 
adjusting ring 11 Which is actuated externally and is rotat 
able around the optical axis 7. 
The microscope objective according to FIG. 1 is provided 

With an adjusting ring 11 by Which the driver rings 10.1 to 



US 7,259,924 B2 
5 

10.4 can be displaced simultaneously and jointly by identi 
cal rotations. However, an objective (not shown) having a 
plurality of adjusting rings is also conceivable. In this case, 
one or more driving rings are associated With an adjusting 
ring and different axial displacements of the correction 
mounts With the optical elements mounted therein can be 
carried out With these driving rings. 
On the object side, the objective has a securing element 14 

Which serves to protect the object or preparation and Which 
is connected by an intermediate part 14.1 to the front 
correction mount 4.1 and is moved axially together With the 
latter. 

In order to eliminate the play or lost motion betWeen the 
mutually engaging threads of the driver rings 10.1 to 10.4 
and the associated threaded rings 9.1 to 9.4, spring elements 
12.1 to 12.4 are provided. The threaded ?anks of the threads 
of the respective threaded rings and driver rings Which are 
in operative connection With one another are pressed against 
one another continuously by these spring elements 12.1 to 
12.4. 

Particularly When a short objective length on the order of 
50 mm or less is realiZed, special measures are required for 
protecting the object and the preparation and for the axially 
movable correction mounts 4.1 to 4.4. For this purpose, the 
correction mount 4.1 of the front optical element (FIG. 2) 
and the associated ?rst threaded ring 9.1 (FIG. 3) are 
provided With cutouts 15 and 16. This makes it possible for 
the threaded ring 9.1 and the correction mount 4.1 to slide 
one inside the other Without obstruction While the correction 
mount 4.1 and the threaded ring 9.1 are guided precisely at 
the same time. In objectives With a larger structural length, 
structural component parts of this kind Which engage one 
inside the other and economiZe on space can be omitted. 
An adjustment of the correction mounts 4.1 to 4.4 is 

realiZed in the folloWing manner: 
The correction mounts 4.1 to 4.4 in Which the optical 

elements (not shoWn) are mounted and the threaded rings 9.1 
to 9.4 having the external threads 8.1 to 8.4 are connected by 
bolts 6.1 to 6.4. These bolts 6.1 to 6.4 are guided through the 
axial through-openings 3.1 to 3.4 of the cylindrical sleeve 2 
that is ?xedly arranged in the barrel 1 and accordingly, 
together With the threaded rings 5.1 to 5.4 and the correction 
mounts 4.1 to 4.4, have only one possible adjustment or 
displacement in direction of the optical axis 7. A rotation 
around the axis 7 is not possible. The rotation of the 
adjusting ring 11 around optical axis 7 causes the driver 
rings 10.1 to 10.4 Which are connected to one another to be 
rotated around the axis 7 along With it. An axial adjustment 
of the correction mounts 4.1 to 4.4 and of the optical 
elements mounted therein is realiZed through the rotation of 
the driver rings 10.1 to 10.4 by means of the adjusting ring 
11 due to the cooperation of the internal thread of these 
driver rings With the corresponding external threads 8.1 to 
8.4 of the threaded rings 9.1 to 9.4 Which are arranged so as 
to be ?xed With respect to rotation. 

Referring to the example of the threaded ring 9.1 and the 
bolt 6.1, FIG. 4 and FIG. 5 shoW hoW these tWo structural 
component parts are connected Without play according to the 
invention. With high-quality microscope objectives in par 
ticular, a connection of this kind is absolutely necessary in 
order to achieve imaging that is virtually free of errors. In a 
connection of this kind, the radially directed bolts Which are 
screWed into the correction mount 4.1 engage in a bore hole 
20 Which is free-milled in axial direction of the edge 19 of 
the threaded ring 9.1. This bore hole 20 is formed by tWo 
springing Webs 17; 18 Which are produced by milled slots 21 
and 22 of the threaded ring 9.1. The springing Webs 17 and 
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6 
18 cause a clamping of the bolt 6.1 in the threaded ring 9.1. 
The shaft of these Webs 17; 18 is advantageously dimen 
sioned With respect to its thickness in such a Way that they 
cannot spread farther apart by the movement of the bolt 6.1 
and other parts of the objective. The respective bolt 6.1 to 
6.4 is arranged Without play in the respective bore hole 
associated With it. Another positive effect occurring in the 
bore hole 20 is a three-point contact of the bolt 20 so that the 
respective threaded ring is guided precisely. 

It is also possible to provide only one springing Web. This 
facilitates production. HoWever, the three-point contact 
Would be forfeited in this Way. 

FIG. 6 Will be described more fully With reference to the 
threaded ring 9.3 and the bolt 6.3. The bolt 6.3 Which is 
screWed into the correction mount 4.3 (not shoWn in FIG. 6) 
by its end 25 provided With thread 24 engages in a bore hole 
26 of the associated threaded ring 9.3 provided With the 
thread 8.3. A ?exible intermediate member 27 ensuring the 
absence of play is arranged betWeen the bolt 6.3 and the Wall 
of the bore hole 26. In the embodiment example, this 
intermediate member 27 is shaped as a round ring. Other 
suitable designs of the intermediate member 27 are also 
possible. 
The microscope objective Which is shoWn three-dimen 

sionally in FIG. 7 includes the barrel 1 and the adjusting ring 
11 Which is mounted therein so as to be rotatable and Which 
has a mark 28. Adjusting marks 29 Which can be used, for 
example, to adapt the objective to different cover slips or 
also to different environmental conditions are arranged at the 
barrel 1. 

FIGS. 7 and 8 shoW that an axially directed pin 31 is 
arranged at an end face 30 situated in the interior of the 
adjusting ring 11, preferably in a bore hole. This pin 31 is 
arranged in a de?ned position With respect to the mark of the 
adjusting ring 11. The barrel 1 has, in its interior at an end 
face 32 (FIG. 10), an opening 33 Which extends along a 
circumferential area and Whose boundary surfaces serve as 
stops 34; 35 for the pin 31 When the adjusting ring 11 rotates 
relative to the barrel 1. The boundary of the opening 33, that 
is, the stops 34; 35, are likeWise oriented to the mark 28 of 
the adjusting ring 11. The angle of the opening 33 of the 
barrel 1 determines the extent of overrun Which advanta 
geously alloWs overshooting of the Zero adjustment mark in 
both directions Within limits. The uniformity of the overrun 
is given automatically by the respective orientation of the 
opening 33 relative to the respective adjustment mark 29 of 
the barrel 1. By means of this step, a uniform overrun and 
?xed stops 34; 35 for limiting the rotation of the adjusting 
ring 11 are achieved Without additional parts. This arrange 
ment is applicable in all microscope objectives With one or 
more adjusting rings, e.g., also in microscope objectives 
With an iris diaphragm. 

While the foregoing description and draWings represent 
the present invention, it Will be obvious to those skilled in 
the art that various changes may be made therein Without 
departing from the true spirit and scope of the present 
invention. 

REFERENCE NUMBERS 

1 barrel 
2 cylindrical sleeve 
3.1 to 3.4 through-openings 
4.1 to 4.4 correction mounts 
6.1 to 6.4 bolts 
7 optical axis 
8.1 to 8.4 external threads 
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9.1 to 9.4 threaded rings 
10.1 to 10.4 driver rings 
11 adjusting ring 
12.1 to 12.4 spring elements 
13.1 to 13.4 screws 

14 securing element 
14.1 intermediate part 
15, 16 cutouts 
17, 18 Webs 
19 edge 
20 bore hole 
21; 22 milled slots 
23 intermediate member 
24 thread 
25 end 
26 bore hole 
27 intermediate member 
28 mark 
29 adjustment mark 
30 end face 
31 pin 
32 end face 
33 opening 
34; 35 stops 
What is claimed is: 
1. A microscope objective comprising: 
axially adjustable correction mounts for adapting to dif 

ferent parameters in?uencing the imaging quality, 
Wherein the axial adjustment of the correction mounts 
relative to a stationary barrel is realiZed by an adjusting 
nng; 

said adjusting ring being arranged on the outer side of the 
barrel by a bolt Which is arranged in the respective 
correction mount, is directed radial to the optical axis 
of the objective; and 

said objective particularly comprising at least three cor 
rection mounts Which are adjustable in direction of the 
optical axis of the objective by means of the adjusting 
ring Without additional rotation around the optical axis 
of the objective. 

2. The microscope objective according to claim 1, 
Wherein the barrel is ?xedly connected to an inner cylindri 
cal sleeve With axially oriented through-openings, said axi 
ally adjustable correction mounts for receiving optical ele 
ments are mounted in the cylindrical sleeve and the bolt 
projecting through an associated through-opening in the 
cylindrical sleeve is arranged at the outer side of the cor 
rection mounts, respectively, Wherein threaded rings are in 
an operative connection With the respective bolt, are pro 
vided With an external thread having the same or different 
pitch, are mounted on the cylindrical sleeve so as to be 
axially displaceable only, and engage in an internal thread of 
corresponding pitch of respective driver rings Which are 
associated With the threaded rings and Which are arranged in 
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the barrel so as to be rotatable around the optical axis and are 
in an operative connection With at least one adjusting ring 
arranged on the outer side of the barrel and can be rotated 
With the adjusting ring. 

3. The microscope objective according to claim 2, 
Wherein the driver rings Which are in an operative connec 
tion With the adjusting ring are ?xedly connected to one 
another and are rotatable jointly by the adjusting ring around 
the optical axis. 

4. The microscope objective according to claim 2, 
Wherein the driver rings associated With the adjusting ring 
have threads of identical or different pitch. 

5. The microscope objective according to claim 2, 
Wherein spring elements are arranged betWeen the driver 
rings and the associated threaded rings to eliminate play or 
lost motion in the thread. 

6. The microscope objective according to claim 5, 
Wherein the spring elements are pressure springs. 

7. The microscope objective according to claim 2, 
Wherein the bolts engage Without play in a bore hole Which 
is formed by at least one springing Web and Which is open 
toWard the edge of the respective associated threaded ring. 

8. The microscope objective according to claim 7, 
Wherein the diameter of the bore hole is less than or equal 
to the diameter of the part of the respective bolt engaging in 
the bore hole. 

9. The microscope objective according to claim 7, 
Wherein a ?exible intermediate member is provided betWeen 
the bolt and the associated bore hole of the respective 
threaded ring. 

10. The microscope objective according to claim 1, 
Wherein a plurality of adjusting rings are provided, each of 
Which is in an operative connection With at least one driver 
ring. 

11. The microscope objective according to claim 1, 
Wherein a securing element serving to protect a sample is 
connected to a front correction mount and is movable axially 
together With the correction mount. 

12. The microscope objective according to claim 1, 
Wherein an axially directed pin is provided at an end face 
situated in the interior of the adjusting ring, Wherein an 
opening Which extends over a circumferential area and 
Whose boundary surfaces form stops for the pin is provided 
in an end face of the barrel situated farther in the interior of 
the objective, and Wherein the adjusting ring has a mark and 
the barrel has a scale With adjustment marks along at least 
some of its circumference. 

13. The microscope objective according to claim 12, 
Wherein the positions of the axially directed pin and the 
positions of the stops are oriented toWard the mark on the 
adjusting ring. 


